Over-usage of antibiotics leads to the widespread induction of antibiotic resistance 22 genes (ARGs). Developing an approach to allow real-time monitoring and fast 23 prediction of ARGs dynamics in clinical or environmental samples has become an 24 urgent matter. Vibrational spectroscopy is potentially an ideal technique towards the 25 characterization of the microbial composition of microbiota as it is non-destructive, 26 high-throughput and label-free. Herein, we employed attenuated total reflection 27 Fourier-transform infrared (ATR-FTIR) spectroscopy and developed a 28 spectrochemical tool to quantify the static and dynamic composition of kanamycin 29 resistance in artificial microbiota to evaluate microbial antibiotic resistance. Second 30 order differentiation was introduced in identifying the spectral biomarkers, and 31 principal component analysis followed by linear discriminant analysis (PCA-LDA) 32 was used for the multivariate analysis of the entire spectral features employed. The 33 calculated results of the mathematical dispersion model coupled with PCA-LDA 34 showed high similarity to the designed microbiota structure, with no significant 35 difference (P >0.05) in the static treatments. Moreover, our model successfully 36 predicted the dynamics of kanamycin resistance within artificial microbiota under 37 kanamycin pressures. This work lends new insights into the potential role of 38 spectrochemical analyses in investigating the existence and trends of antibiotic 39 resistance in microbiota.
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55
Besides measuring the concentration of antibiotics via chemical analysis, various 56 biological analytical methods have been used to determine the presence, abundance 57 and diversity of ARGs in the microbiota to capture a "static map" of their existence, 58 e.g., meta-sequence and quantitative polymerase chain reaction (qPCR) 6,7 . However, 59 genetically identical cells from the same population have stochasticity in gene 60 expression, meaning that there is significant variation in their molecular content and 61 phenotype, even under similar environmental influences. Moreover, bacterial 62 resistance to the antibiotics can also be affected and regulated epigenetically 8 . In 63 combination, these factors provide an opportunity for phenotypic and cell-type 64 diversity regardless of genotype 9 . This questions the reliability of determining ARGs 65 abundance by molecular biological approaches in real-world situations, leading to the 66 necessity of developing a phenotypic assay that depicts in situ dynamics of ARGs or 67 microbial antibiotic resistance in environmental samples.
68
It is well accepted that genetic and epigenetic factors cannot be studied 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 samples, as well as to describe and identify bacterial species 11, 12 . Previous studies 73 indicates that spectroscopic techniques are capable of studying phenotypic features, at 74 either population 13 or single-cell 14 level, such as diagnosing the distinct spectral 75 signatures and metabolomes from isogenic cell lines 15 . However, the current 76 techniques have limited application in characterizing ARGs under antibiotic pressures, 77 mainly due to the lack of appropriate analytical models and well-trained databases.
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314
Applying the linear ! regression model, we successfully predicted the dynamic An unexpected decline of kanamycin resistance gene was observed for AM2 358 artificial microbiota after 24 h exposure to kanamycin (42%, Figure 4C ), but the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   15 kanamycin. The spectrochemical interrogation therefore actually quantifies the 372 microbial phenotypic antibiotic resistance rather than the ARGs abundance only.
373
Infrared spectroscopy has demonstrated the ability to diagnose the phenotypic 374 alteration of the cellular components induced by kanamycin, hinting its potential 375 possibility for the application to other members of the aminoglycoside family. Our 376 findings indicate that this dispersion model coupled with PCA-LDA is a potential 377 approach for monitoring the population dynamics within a microbiota in real-time.
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